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(54) Helical antenna and portable transceiver 

(57) The antenna device of the present invention is 
comprised of an electrically conductive wire having a 
predetermined length in which one end portion of the 
wire is mounted on one face of a circuit board, the other 
portion is wound spirally and a direction in which the 
wire extends by the winding is set to be a direction per- 
pendicular to the plane of the circuit board. 
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Description 

[0001] The present invention relates to an antenna 
device suitably applied to. for example, a portable tele- 
phone terminal or the like and a portable transceiver 5 
provided with this antenna device. 
[0002] Conventionally, as an antenna mounted in such 
a portable transceiver as a portable telephone terminal 
or the like, there is an antenna referred to as a helical 
antenna besides a so-called rod-shaped whip antenna, w 
This helical antenna is an antenna configured by wind- 
ing a wire in a coil shape and it can be built in an interior 
of the terminal. A helical antenna built in a conventional 
portable terminal has a configuration shown in FIG. 1 of 
the accompanying drawings, for example. *5 
[0003] FIG. 1 is a cross-sectional view showing an 
interior of an upper portion of a portable terminal, and a 
terminal 1 configured by a predetermined casing is built- 
in at its upper portion with a speaker 2 for conversation 
and is built-in with a circuit board 3 assembled. with a 20 
communication circuit for performing transmission 
processing and reception processing. Shield cases 4, 5 
are disposed on both faces of the circuit board 3. so that 
the communication circuit assembled on the circuit 
board 3 is shielded from the outside. Also, one end of a 25 
helical antenna 6 formed by winding an electrically con- 
ductive wire in a coil shape is connected to an upper 
end portion of the circuit board 3 and the connected por- 
tion of the upper end portion is used as a power feed 
portion. 30 
[0004] This helical antenna 6 has a winding direction 
extending upwardly, and it is configured as an antenna 
extending in a direction parallel to a plane of the circuit 
board 3. 

[0005] In this conventional helical antenna, as shown 35 
in FIG. 1, since an open end side of the antenna 
approaches to the head h of a user of the portable ter- 
minal when this terminal is used, there is a problem that 
the antenna is apt to be affected by the human head 
and the characteristics of the antenna deteriorate, so 40 
that an excellent radio communication environment can 
not be obtained. 

[0006] Also, when there is a ground pattern which is a 
ground potential portion in the vicinity of an antenna 
mounting portion of the circuit board where the helical 45 
antenna is mounted, the characteristics of the antenna 
remarkably deteriorate. Accordingly, the ground pattern 
can not be provided in the vicinity of the portion on 
which the antenna has been mounted, and therefore a 
circuit can not be assembled near the portion where the so 
antenna is mounted. As a result, the occupancy area of 
the antenna-mounted portion on the area of the board 
becomes large, which results in prevention of reduction 
in size of a portable terminal. 

[0007] Furthermore, as shown in FIG. 1. when the 55 
wire configuring the helical antenna is mounted on the 
circuit board, there has been a problem that the working 
efficiency for mounting thereof is poor. That is. helical 
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antennas are generally fixed at their end portions to cir- 
cuit boards by soldering or the like, and it is necessary 
to fix the helical antennas in a state where they are 
always oriented to a constant direction. However, there 
is a problem that, as the wires having a three-dimen- 
sional configuration such as the helical antenna are 
always fixed in the same state by soldering or the like, 
the working efficiency is not good. 
[0003] An object of the present invention is to improve 
wireless characteristics of a transceiver using a helical 
antenna which it is efficient to mount. 
[0009] According to an aspect of the present invention 
there is provided an antenna device which comprises a 
helical antenna composed of a conductive wire having a 
predetermined length one end portion of which is 
attached to one side face of a circuit board, the other 
portion of which is wound spirally, and an extending 
direction of which by the winding is perpendicular to a 
plane of the circuit board. 

[0010] According to the present invention, a direction 
in which the wire configuring an antenna is wound to 
extend becomes a direction perpendicular to the plane 
of the circuit board. When a transceiver equipped with 
this antenna is used, the open end side of the antenna 
can be oriented in a direction in which the antenna goes 
away from the head of a user. 

[001 1 ] The invention will be further described by way 
of non-limitative example with reference to the accom- 
panying drawings, in which:- 

FIG. 1 is a sectional view showing a configuration of 
a conventional helical antenna built-in type termi- 
nal. 

FIG. 2 is a perspective view showing a back face 
side of a portable radio terminal according to an 
embodiment of the present invention with a part 
being cut away; 

FIG. 3 is a perspective view showing a front face 

side of the portable radio terminal according to the 

embodiment of the present invention; 

FIG. 4 is a perspective view showing an antenna 

portion according to the embodiment of the present 

invention with an enlarged scale; 

FIG. 5 is a sectional view taken along the line IV- IV 

in FIG. 3; 

FIG. 6 is a sectional view showing a main portion in 
FIG. 5 with an enlarged scale; 
FIG. 7 is a perspective view showing a configura- 
tion of an antenna portion according to another 
embodiment of the present invention; 
FIG. 8 is a perspective view showing a configura- 
tion of an antenna portion according to another 
embodiment of the present invention; and 
FIG. 9 is a perspective view showing a configura- 
tion of an antenna portion according to still another 
embodiment of the present invention. 

[0012] The present invention is applied to a portable 
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transceiver serving as a portable telephone terminal 
which performs radio communication with a base sta- 
tion lor radio telephone or the like via predetermined 
radio telephone lines so that radio telephone conversa- 
tion by transmission of sound data and/or various data 
communication can be conducted. 
[0013] FIG. 2 and FIG. 3 shows a back side and a 
front side of a portable radio terminal of this embodi- 
ment. The front side shown in FIG. 2 will first be 
explained. A speaker 1 1, a display panel 12, an opera- 
tion key 13, and a microphone 14 are disposed on the 
front side of a casing configuring the radio terminal 10 in 
this order from the upper side. The speaker i 1 and the 
microphone 14 are used at a time of telephone conver- 
sation and processings for emanating the voice 
received of a communication mate from the speaker 1 1 
and for transmitting the voice picked up by the micro- 
phone 14 to the communication mate are performed by 
an internal circuit (not shown) of the portable radio ter- 
minal 10. 

[001 4] As the operation key 1 3, a plurality of keys such 
as keys for setting various functions are provided 
besides such dial keys as numerals, symbols or the like. 
Various information such as a telephone number, a 
character message or the like is displayed on the dis- 
play panel 12 on the basis of operations of the keys 13. 
Also, the portable radio terminal 10 of this embodiment 
is provided on a side face of the casing with a rotating 
type switch 15 which is a rotary type switch called a jog 
dial which allows rotating operation and pushing-down 
operation. The portable radio terminal is configured 
such that the various operations can be effected even 
by operations of this rotating type switch 15. 
[001 5] As an interior of the portable radio terminal 1 0 
of the embodiment is shown in FIG. 5. a plane circuit 
board 21 is disposed in the portable radio terminal, cir- 
cuit parts configuring a communication circuit are 
mounted on the circuit board 21, and the entire commu- 
nication circuit is covered with a shield case 22. How- 
ever, an upper end portion of the back side face ot the 
circuit board 21 is not covered with the shield case 22. 
Also, FIG. 5 shows a state where the shield case 22 is 
provided on only one side face (a face faced to a back 
side of the terminal) of the circuit board 21, but the cir- 
cuit parts configuring the communication circuit are 
mounted on both faces of the circuit board 21 and the 
shield cases are attached to both faces of the circuit 
board 21. In the following explanation, the front face of 
the circuit board 21 shows a face opposed to the front 
face (shown in FIG. 3) of the terminal 10 and the back 
face of the circuit board 21 shows a face opposed to the 
back face (shown in FIG. 2) of the terminal 1 0. 
[001 6] Also, the speaker 1 1 , the display panel 1 2, and 
the microphone 1 4 are connected to the circuit board 21 
and switches are disposed at positions of the circuit 
board 21 corresponding to the respective operation 
keys 13. When each of the operation keys 13 is pushed, 
the corresponding switch is turned on so that the opera- 



tion information is sent to a control unit of the terminal. 
This control unit is configured with a microcomputer (not 
shown) attached to the circuit board 21. As shown in 
FIG. 5, a battery 16 configured with a secondary cell is 

5 disposed at a lower portion of the casing, and the power 
supply from the battery 16 is supplied to the circuits 
assembled on the circuit board 21 . 
[0017] As an antenna (an antenna has both transmit- 
ting and receiving functions herein) provided in the port- 

w able radio terminal 10. a helical antenna 30 which is 
built in the casing configuring the terminal 10 and which 
is constituted by winding a conductive wire such a cop- 
per wire or the like is used. This helical antenna 30 is 
attached to an upper end portion (the portion on which 

15. the above-mentioned shield case 22 is not disposed) of 
the circuit board 21 disposed in the casing configuring 
the portable radio terminal 10, as shown in FIG. 2 and 
FIG. 5. The helical antenna is attached to the circuit 
board 21 so as to project to the back face side of the cir- 

20 cuit board 21. Here, as shown in FIG. 5, the helical 
antenna 30 is disposed via the circuit board 21 at a posi- 
tion opposed to a position where the speaker 1 1 is dis- 
posed. 

[0018] FIG. 4 is a view showing a state where the hel- 
ps ical antenna 30 is mounted on the back face of the cir- 
cuit board 21 with an enlarged scale. A through hole 
21a is provided on the upper portion of the circuit board 
21 which is not covered with the shield case, and one 
end portion 31 of a wire. configuring the helical antenna 
30 30 is inserted into the through hole 21a from the back 
face side of the circuit board 21 . Then, as shown with an 
enlarged scale of a section of the antenna-mounting 
portion in FIG. 6. the one end portion 31 is soldering- 
fixed on the front face side of the circuit board 21 with a 
35 solder 17, and it is electrically connected to an antenna 
connecting portion (a power feed portion) of a circuit 
formed on the circuit board 21 by soldering. It is to be 
noted that a through hole plating processing is applied 
to a wall face of the through hole 21 a and soldering-fix- 
40 ing can be performed even on the inner side of the 
through hole 21 a and the back face side thereof so that 
the area of the soldering can be enlarged. 
[0019] As the shape of the helical antenna 30, as 
shown in FIG. 4, the wire configuring the antenna 30 
45 has a square and helical shape where it is bent at about 
90° at every predetermined length and it is wound so as 
to be apart from the back face of the board 21 . Namely, 
a direction in which the wire configuring the antenna 30 
extends by its winding is set to be a direction perpendic- 
50 ular to a plane of the circuit board 21 . As to the practical 
size of the square shape, it is set to be a size where sig- 
nal of a frequency band transmitted/received by the ter- 
minal 10 can be transmitted/received favorably. 
[0020] In this case, the antenna 30 has a shape where 
55 it contacts with a back face 21 b of the circuit board 21 at 
its portion going from one end portion 31 inserted in the 
through hole 21a followed by a bending point 32 bent 
first at about 90° via the next bending point 33 to the 
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next but one bending point 34, and the antenna 30 is 
wound in a shape where it gradually leaves from the cir- 
cuit board 21 from the bending point 34. Then, the other 
end portion 35 which is an open end of the antenna is 
put in a state where it is farthest from a plane configured 5 
by the circuit board 21. It may be appreciated that any 
portion of the portion of the antenna contacting with the 
circuit board 21 from the bending point 32 to the bend- 
ing point 34 is soldered to the back face 21b of the cir- 
cuit board 21, thereby securing the fixation of the 
antenna further. 

[0021] The helical antenna 30 thus configured which 
is attached to the portable radio terminal 10 can obtain 
an excellent radio characteristic. That is, as shown in 
FIG. 5, the head h of a user is put in a state where it is 
closer to the front side of the terminal 10 when the port- 
able radio terminal 10 is actually used. However, since 
the open end of the helical antenna 30 has a shape 
where it is apart from the head, the helical antenna is 
hard to be affected from the head of a human body and 
it is possible to suppress a degradation amount of the 
antenna characteristic due to the influence of the head 
of the human body, so that an excellent radio environ- 
ment can be obtained. 

[0022] Also, as the open end (the other end 35 shown 
in FIG. 4) of the helical antenna 30 is put in a position 
where it is apart from the circuit board 21 and the 
advancing direction which occurs by winding of the hel- 
ical antenna 30 is a direction where the helical antenna 
is perpendicularly apart from the plane configured by 
the circuit board 21, the characteristic of the helical 
antenna 30 does not deteriorate even if a ground pat- 
tern is provided in the vicinity of a portion where the hel- 
ical antenna is attached to the circuit board 21 and 
circuit parts are practically mounted on the circuit board 
21. Accordingly, it becomes possible to practically 
mount the circuit parts on the circuit board 21 even near 
the antenna-mounting portion, and it is made possible 
to practically mount the circuit parts on the circuit board 
21 with a high density, which results in down-sizing of 
the portable radio terminal 10. However, it is necessary 
to separate the power feed portion of the antenna and 
the ground pattern from each other when the circuit pat- 
tern is provided on the circuit board 21. 
[0023] Furthermore, in this embodiment, a working 
efficiency for mounting the wire configuring the helical 
antenna 30 is improved. In other words, as shown in 
FIG. 4, in a state where the one end portion 31 of the 
helical antenna 30 is inserted into the through hole 21a 
of the circuit board 21 up to the bending point 32 and the 
portion of the helical antenna comes in contact with the 
board from the bending point 32 to the bending point 34, 
the helical antenna can be fixed to the drcu'ii board only 
by soldering. At this time, the antenna 30 of a state 
before the one end portion of the helical antenna is 
inserted into the through hole 21a and the soldering is 
effected is put in a state where the helical antenna is 
pivotable about the one end portion 31 as an axis. 



Therefore, after the antenna is set at a proper position 
by pivoting, it is confirmed that the portion of the 
antenna from the bending point 32 to the bending point 
34 contacts with the board, and then the antenna can be 
fixed to the board by soldering, so that the antennas can 
always be assembled at a constant state. At this time, 
for exarnple. the antenna may be positioned by using a 
j»9- 

[0024] In the above-described embodiment, the heli- 
cal antenna which has been wound spirally and in a 
square shape is explained as an example, but a helical 
antenna 40 can be configured by winding a wire in a cir- 
cular and helical shape as shown in, for example, FIG. 
7. In this case, also, the circuit board 21 is provided with 
a through hole 21a, one end portion 41 of the helical 
antenna 40 is inserted into the through hole 21a from 
the back face of the circuit board 21, and the helical 
antenna is soldered to the circuit board. The wire is bent 
by about 90° at bending points 42, 43, 44. This configu- 
ration of the helical antenna is the same as that of the 
helical antenna 30 described above. That is, it is config- 
ured so as to be wound from bending point 42 to bend- 
ing point 44 in circular. Also, the helical antenna is set 
such that it contacts with the board 21 in a range of the 
bending point 42 to the bending point 44. According to 
this configuration, the radio characteristic which is not 
affected by the head of a user can be obtained like the 
case of the square helical antenna mentioned above, 
and the working efficiency for mounting can also be 
made excellent like the square helical antenna 
described above. 

[0025] Also, a helical antenna can be configured such 
that a portion of a wire configuring the helical antenna is 
wound in a convex shape, the convex portion thereof is 
engaged with a through hole or a recessed portion of 
the circuit board, and a soldering position thereof may 
be defined. Namely, for example, as shown in FIG. 8, a 
circuit board 21 ' is provided with a through hole 21a and 
a slit-like through hole 2ic. As a helical antenna 50, one 
end portion 51 is inserted into the through hole 21a and 
the wire contacts with the back face of the circuit board 
21 in a range of a bending point 52 which has bent by 
about 90° to the one end portion 51 to the next bending 
point 53, and the wire is provided at a portion which is 
slightly apart from a position bent by about 90° at the 
bending point 53 with bending points 54, 55. 56, 57 bent 
in a convex shape projecting toward the board and the 
portion projecting in the convex shape is fitted into the 
slit-like through hole 21c of the circuit board 2V. Then, 
as a position which is slightly apart from the bending 
point 57 is set as a bending point 58. the wire is bent at 
* the bending point 58 so as to be apart from the front 
face of the circuit board 21 ' and is wound up to an open 
end 59. Thus, the wire is configured as the helical 
antenna. 

[0026] As the helical antenna is configured as shown 
in FIG. 8. the helical antenna 50 is positioned to the cir- 
cuit board only by inserting the one end portion 51 of the 
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helical antenna 50 into the through hole 21a of the cir- 
cuit board 2 V and fitting the convex-shaped bent portion 
into the through hole 21c, and in this state the helical 
antenna is fixed to the circuit board at the through hole 
21 a or the like by soldering, so that work for fixing the 
helical antenna to the circuit board can always be car- 
ried out in a constant positional relationship without 
using a jig. When a thick board is used as the circuit 
board, the present invention can be configured such 
that a portion recessed in a concave shape is provided 
in the circuit board instead of the through hole 21c fitted 
with the convex-shaped bent portion, and the concave- 
shaped bent portion of the antenna is fitted into the 
recessed portion. Also, in this embodiment, the winding 
shape of the wire serving as the helical antenna can be 
configured in a circular shape besides the square shape 
shown in FIG. 8. 

[0027] Also, when the helical antenna is mounted on 
the circuit board, it may be possible that the wire is 
inserted into the through hole from the front side of the 
circuit board, the wire inserted in the front side is 
extended up to the back face thereof and the extended 
portion is wound to be the helical antenna. That is, as 
shown in FIG. 9, for example, one end portion 61 of a 
helical antenna 60 is inserted into a through hole 21a 
provided through a circuit board 21" from the front side 
(a lower side in FIG. 9) of the circuit board. 21" and the 
one end portion is soldered by solder 17' on the back 
side (an upper side in Figure) of the circuit board 2 V. 
Then, the wire projecting to the front side of the through 
hole 21a is bent by about 90° at a bending point 61 , it is 
brought into contact with a plane of the board along the 
front face of the circuit board 2 V. and it is bent by about 
90° at a bending point 63. Thereafter, the wire is further 
bent towards the back side of the circuit board 21" at 
another bending point 64. it is projected to the back face 
side via a cut-off portion 21d of the circuit board 21". 
and the wire projected to the back face side is wound up 
in a square shape (or ciruilar shape) up to an open end 
65, so that the wire is configured so as to serve as a hel- 
ical antenna 60. 

[0028] Since the helical antenna 60 is configured as 
shown in FIG. 9, the helical antenna 60 is necessarily 
positioned at two positions of the through hole 21 a and 
the cut-off portion 2 Id, work for fixing the helical 
antenna can always be performed in a constant posi- 
tional relationship without using a jig like the embodi- 
ment shown in FIG. 8. 

[0029] Furthermore, with a shape other than the 
shapes shown in FIG. 4 or FIG. 7. FIG. 8 and FIG. 9. a 
wire configuring a helical antenna may be fixed to the 
circuit board. In this case, if the antenna is configured 
such that at least one end portion of an antenna is 
inserted in a through hole, and a portion of the antenna 
except for the at least one end portion contacts with the 
circuit board at a plurality of places, the position of the 
antenna at a time of mounting the antenna is positioned 
like the above-mentioned embodiments, so that the 



effect similar to each of the above embodiments can be 
obtained. 

[0030] In the above-mentioned embodiments, the hel- 
ical antenna mounted on the circuit board is used as an 

5 antenna for both transmission and reception of a porta- 
ble radio terminal, but the present invention can be con- 
figured such that another antenna such as a whip 
antenna is mounted on a portable radio terminal and 
diversity reception is performed by two antennas of the 

io antenna and the helical antenna mounted on the circuit 
board. Alternatively, the present invention may be con- 
figured such that two helical antennas are mounted on 
different positions of the circuit board and diversity 
reception is performed by the two helical antennas. 

75 [0031] Also, in the above-mentioned embodiments, 
the helical antenna is mounted on the circuit board 
inside the radio terminal serving as a portable tele- 
phone terminal, but the present invention is, of course, 
applicable to a case where various transceivers are 

20 configured as antenna devices each having a helical 
antenna mounted inside a circuit board. 
[0032] Having described preferred embodiments of 
the present invention with reference to the accompany- 
ing drawings, it is to be understood that the present 

25 invention is not limited to the above-mentioned embodi- 
ments and that various changes and modifications can 
be effected therein by one skilled in the art without 
departing from the spirit or scope of the present inven- 
tion as defined in the appended claims. 

30 

Claims 

1 . An antenna device mounted on a plane-shaped cir- 
cuit board, comprising; 

35 

an electrically conductive wire having a prede- 
termined length in which one end portion 
thereof is attached to one side face of the cir- 
cuit board, another portion is wound spirally, 
40 and an extending direction of the wire by the 

winding is set to be a direction perpendicular to 
a plane of the circuit board. 

2. An antenna device according to claim 1. wherein 
45 the wire comes in contact with one plane face or the 

other plane face of the circuit board at a plurality of 
places. 

3. An antenna device according to claim 1 or 2. 
so wherein 

a recessed portion or a through hole is provided in 
the circuit board. 

a convex portion in a convex shape is provided 
55 at a portion of the wire except for the one end 

portion, and 

the convex portion is made to have such a 
shape that it is fitted into the recessed portion 
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or the through hole. 



4. A portable transceiver where a radio communica- 
tion circuit is built in a predetermined casing, com- 
prising: 5 

a plane-shaped circuit board built in the casing; 
and 

a helical antenna consisting of an electrically 
conductive wire having a predetermined length io 
in which one end portion thereof is attached to 
one side face of the circuit board, the other por- 
tion is wound spirally, and an extending direc- 
tion of the wire by the winding is set to be a 
direction perpendicular to a plane of the circuit 15 
board. 



5. A portable transceiver according to claim 4, 
wherein 

20 

a speaker and a microphone for conversation 
communication are disposed on a front face 
side of the casing, and 

one face of the circuit board is a face opposed 

to a back face side of the casing. 25 

6. A portable transceiver according to claim 4 or 5. 
wherein 



the wire comes in contact with one plane face so 
or the other plane face of the circuit board at 
least at a plurality of places. 

7. A portable transceiver according to claim 4, 5 or 6, 
wherein - 35 

a recessed portion or a through hole is pro- 
vided in the circuit board, 
a convex portion in a convex shape is provided 
at a portion of the wire except for the one end 40 
portion, and 

the convex portion is made to have such a 
shape that it is fitted into the recessed portion 
or the through hole. 

45 



50 



55 
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